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(5 7) Abstract: 

PURPOSE: To provide a ferroelectric element composed of a substrate and a ferroelectric thin film, wherein the 
substrate has a specific average thermal expansion coefficient between room temperature and the film-forming 
temperature of the ferroelectric thin film and the ferroelectric thin film is strongly orientated in a prescribed 
direction. 

CONSTITUTION: A plasma is generated between a pair of parallelly arranged electrodes by high-frequency power 
in a vacuum chamber in the presence of a reactive gas such as oxygen. A raw material gas composed of an organic 
metal complex salt such as magnesium acetylacetonate is introduced into the plasma and decomposed. The 
decomposed gas is chemically deposited on a substrate having an average thermal expansion coefficient of ^ 
70xlO-7/°C between room temperature and the ferroelectric film formation temperature to form an intermediate 
layer such as an MgO thin film having an NaCl-type crystal structure oriented in <100> plane. This ferroelectric 
thin film element is produced by forming a tetragonal perovskite-type ferroel-ectric thin film having a composition 
expressed by PbLal-xTil-x/403 (0^x^0.25) and strongly oriented in <001> direction on the intermediate layer 
by a magnetron sputtering method using PbO, La203, Ti02, etc., as a target. 
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C57) 

«<o 0 1 >:^r[S]{c^<iHio]Lri»-5. Sfc. ffe©?s^ 



mmttftht^*). pffaaeo^fi*' e>Birf25£^««s 
(DmimousLt-ccDW-i^fm^mnti o x i o-'/ 

mmtipf^tj:'). B0fBS«©SS*>6 BiJiB5fe^<*SIIB 

omm^omLtvow-imm^mntb o x i o-'/ 
•c«T-c*«3. fria^sim<!^i«tJ< i o o >^l^iJ(c® 

aa[ifc©¥*>jm*§im«7 o x i o-'/-.cJi(±-c* 

ass-e©¥i^«§i^w5 0 x i o-'/'cot-c* 

4 -j\-\t\ ^y^Mint^h'o. m^^Wf^MWa.< i o 
0 > :^fc^ < Ersj L/ r c t ?r#®i<t -r ^.^Ifmtt 

■rn*' 1 ^({:iB«g©?£^*if«i3S^-. 
[ If ^ra 6 ] B!riB^iim<*«l® ©*Se^m5^{±iE5^ S-c 

S> S C i i T -2) iS^Ji 1 4 ©C »-rn*i 1 liCC IB 

«E©3S^li(*^M^^=-. 
[ii*Jl7 ] Biri3*ra®«N a C 1 S!jeS«dg©M{t 

[ if *Ji 8 ] fltriB N a c 1 mM^Bm^oymitmt ( i 

[ if *Ji 9 ] Btria N a c 1 m3&¥M^(Dmmu n i 
o. coox«Mgo©ii-rn*^-c*5ci«:#S[t-r 
•5if *is 8 cciBig©?s^i*wia^^. 

Cif^:fllO} as±tc ( 1 0 0) ®ia[fil©NaC 1 
^^^©K-fti^SJ: 0 !5:S4ira)a?:?i5fiS;-r€>^ 1 ©I 
Si. t5iB*raJi©±«:iE7?as^©'<p:^x*-/ hM© 
?^m{*ilM«r?efiS-r2.m2©X?i<i:^r{l^. fiTIB^ 1 
©XgtC*jW-5S«©SS*>^BtIiB3fei§^*?»J^©?^R£ 
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B#©iaS*-C©^*^jSSlI^<5^{i7 0 X 1 0- VCJi(± 

-c* fj . 2 ©ig«iriB^^i*»j®%< 0 0 1 

[ff^Jll n S^g±tC (1 00) ®12[nI©NaC 1 
S!iSS«3S©Kfb!g5J: 0 raii^:JKfi£-r 1 ©X 
g<!:< fria'*>fSe©±{ciE:)^S^©-ip:7':^*-^ KM© 
?Sg|S«^f5M=Sr?I^Sc-r-&S2CDXg<i:?:«;i: MIBI^ 1 
©XSK *j W ■5 »S©^ffl*^ 6 t!rfB^^(*fiM©jeiES 
10 ^©SKS-C©:qy^f5{g3iM!l5*5 0 X 1 O-'/'CWT 
Tftf). ISfiBl^2©XfIttBiria?iMmft«)l?r< 1 0 0 
>:^(S]{c!$< E|6i3-|fSXfM*Wb-Ct»S C <b^:i|$«t 

[ 1 2 ] ffiiam 1 (OXWEOym 2 ©XfilJ;^ v^• 
J; ^f^t ^1 C i *#Si t -r 1 0 1 

1 KiB»S©?^m?lKS^S5j^:^3S. 

[it:*:^ 13] Hi ©XfIlJWIS^;S«H*©^^=&Jl 
i^45!/;^^■r■5MO-CVDS^cj;^D^T^C^,i. BufBll2© 
XUli X /^• -y iS? &tc J: f) ^f Jtc ^1 C i -r -S 

20 1 0X« 1 1 {CiBtS©^m«:»ia*^©l!{iS:)^ft. 

[if:*® 1 4 ] BtrlBH 1 ©xe«^>'^" i?acc J; >5 ^f 
^ct,v ffi3ll2©Xgt*Wil#)llttt©^-M*M*4^X 
iT -SM O - C V DSCC J: -3Ttf 0 C (!: *#8!t <!: r 

iS^:ffl 1 0 X« 1 1 tciatK©^g|^f*iiSi^-?-©S^:^r 
a. 

[ it*^ 1 5 ] WIBm 1 ©XSKCX0 2 ©Xli«*m 

^m^w<Dmm.^wMii:^ i-r smo - c v dsscc j: o 
gtm^^:»J85S^^©Mi§7^•ffi. 

30 [|feBJ©i*iffl^cSiHJ] 

[0 0 0 n 

[0002] 

'&^3;<f"JfflLr> 5ii^tm*4w. ^imM^i^iia^lW 

-5. t'C«e'jii?S^**©t^if4iL.-ri3:. •^p;;^^^*-/ h 
S!teS«3t©^^b!B!l. mif. PbTiO, . Pbw. 
La. T i,../, O, (PLT) , Pb Z r. T i,.. 
O, (PZT) . BaTiO, ^*S#(CW«-CA&. 
[ 0 0 0 3 ] i C 5r. «il^i*©a^^@P. ©^^t 

50 ^^•?'ffms^^tc*>-i,:>r«, ?ssim(*©a^:»'®p. *i 
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. 4>r/cP)»tciE^JLr(,iS, 

[0 004] fi^CDm^-SI5D°D©/J-^'ft«:{f o-CB>flB©3ii 

[0 00 5] 5iimi*CDieStt{3:. flF«BtK:mi»€.«ffi 
©liM{cA*<^§n*. PbTiO, 

ZT«. (10 0) ■c^^mttcMsom^^^mcn 

liT{3:< 0 0 1 >:^|nl. If :7r '^Tc®CC*Jt,»T(i< 1 

J. Appl. Phys. , Vol. 60. P. 361 
( 1 98 6)), 
[0006] 

[0 00 7] S iSSitCiSg^xf^+i^-pjUS 

[0 00 8] mmicms^. Tlft»®(cMg o 

■?>1?- 7 T T !S iO#*SS*ffl ?> i Aj: < *S^?riBa A 

[000 9] 

[0 0 10] MsOJ:>)rj:^mm±<,c-^u-:f;^f}-< vm 
mit^V$>i PbTiO, tj:a<Dii\^mi:^^'< y 3?SCC 
JzKHmtZm-t. S«©igS?r«^6 0 0-CfCT2>j£>S 
ifi$>i,, C©6 0 0'C<!:(,i^»tS©zaat*P bT i O, 
©4^ 3. U - ,■=& ( 4 9 0 'O J: 4>Kir»/cst)> SS©SS 

ifimfm<DU^tp^muici&m>im'j-c. p b t i 
o, ©ite^«3»aSr:^Sj!p6iE*^BCctig^-r^o c© 
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i#, S«©i»fi^SiCS«t*^PM©^^aj: 9 i^JS 

^. «tg©?as*5)iKji^a^!{p6Sia(c{gT-rs^«: 

cfc-5i-r'2.«>©i^^6n*. T^Cto^, (100) M 
■C^frPabfcMgO^iteSitCPbT i O, AKOOl 
>:^i^{cffi[6]-r -SSH© 1 m g ooiz^tim^m 
^ (~ 1 2 0 X 1 O-'/'C) {C$).5i#i6nS. J% 
J|Ijg=@fC*ilir. PbTiO, ©<0 0 1 >I4 (^JJSS 
: - 9 0 0 X 1 0- VC) »^.ffiCCtt;*:L. < 1 0 

10 o>tt (^ijsga^: 3 8 ox 1 O-'/'C) tij^-rs 

©f. MgOJ:D&-5««©>Rffi(c#o-C. <00 1> 

[00 11] Cti6©»IJ.{C«-^t. *:fff6BJ^^li. 
fflK{4B*©feS:^fi«»«t©^a*^'=>fi£MB$$-C©¥i^ 
l»tt'Si#fa («T. #{C^:^»?g^<tiR5t-S. ) © 

Asg3i?.sffi©s«^^L'. ss®©a«±cc?i[Mm 

20 Si ^»«±0c?i5fiX S iT.fc9fe^Si*»ie©i5|p]tt i ©P^ 

[0012] 1 XW2©^B^(iBlIiaft]mtcS'3li 

Xtj:$hfci><DT$>K) . M^311 ©f6?g*s^DA:fl¥i^^ 
StJ. ?Siimt*Sie«^^. ««i^S«©±cc0fiS$ 
n/c^m^UMi *> 6 9 , fri 2S®©ssa» 6frf a 
^i?mf*»m©fl5^H#©sas r ©^:^i^?b<?ns^3: 7 

0 X 1 0- vc«±-c4)»3 . mu^mmmit< 0 0 

1 >:^rSj{C^<lB|S]Lt:u-5il,i^«ft£<!:-rS4>©-CA 
30 [0013] iS*S2 ©l6BJ3*s»DytM^#JI9:«. 

imm i *> ^ !i 0 . tiris««©Sia*» e>B(i ia5fe^m<*fi 
ia©?fMB$©iaa*-c©¥i^i^?g<m»5 0x10-' 
/•cjaT-c&«3 , f?ia5Sil^i*»M{*< 1 0 0 >:^rsi(c 
< 12!^ 1/ r s i -5^^^ -r ^ *> ©t?* So 
[0014] itc. mmtmim^mtomic^^i^ 

[00 15] ic^r. ctJraeo±Kxfjt+e^+;Hi 

fi3cigB#©SSlic *j W S 4»raii©4S^3e^ <!: ^^f*«{i 
©tS^S»i©M©5;^7 ^ Mil 5%Ji(i*3-C*-5C 
<i:*i5f$H». PbTiO,. PZT. BaTiO, tj: 

iia>^m.immit, <o 0 1 >:j5-tt©ffi^-KfRra© 
S§«WteJ;-E-4. O^i-^i';^ ha-AMS©ffl5:^T. 

T i , ) o, ©<o 0 1 >:^r{4©KiS-S?^P^©^S»ii 
*jJ:-?-3. 9 0*>P)4. 1 5+>i/:^ ha-A©H©ffl 
^TTnU. < 1 0 0>:;3{4©MgO©®^-K^W©K!S 

50 ti4. 2 1 ha-A-c&2>o ^/c, NaCl« 
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jgODN i 0©Kfg-K^lffl<DffiSSt«4. 19t>'tr:^V 
U-A-C&K), |5H;< NaC l^jScDCoOCDK^-K 
ms<Dmmit4. Z6t>if:^Va-M.-c$>-^X. Me 

o i infii. msi^mimmt<Dm(D s :^ 7 ^ h 

[0016] if^3XW4©l%?B«. HirfB^nm(cS-:5 

wmtm^tt^ fits'). frfB««©^S!&^6BuiB^^ 
fmm<Diizim(DUs.tT(D^ii}mmmmmt7 0 x 1 
0 - ' /'c«±r * f) . ii)iB5Sii^«:«M©0s£^©fiS 
{c*ji:rsi!rfB*rae©ls^sii^<t^B?^mtt5iis©*s 

fiS;^-rsfe©-c*?.. 

[0017] m^4<omBMt>mofcm^^m3.. 
s*^ p.Boie5Sgimi*wig©fi£^B#©jaiSs -rcD^i^-SlJ 

5BfiS^»5 0 X 1 O-'/'CJiiT-C^f]. B>rtB5£il1H*fi 

M©Ji5f!2B#oss{c*jw^m3Bct3rae©ft^^^ia<t^ia 

f3 . tfflB^gni*WBt3:< 1 0 0 >:S'|S1(C3S< SBlSl 
[0018] if ^ 5 (Dmmt. fS5ttJi 1 - 4 iOdVt s 

fitr^.*>©r-&s, 

[0 0 1 9 ] iB^6©lfeBJ». ii*si~4«:fctf S 

[0 020] it*S7©#6B^«. i»*a3X{i4«:*$w 
-S*raJl^N a C 1 M*SB^«j&©M{b«5J: «3 ^cS4>©K: 
|il^T-5fe©-C*'S, 

[002 1 ] i«^8 ©^Hg». I9*S7 ©N a CI S 
iSB^IfjSCMitiB)?: (10 0) M{CEl6jL.rCi5«>©«: 
PK«-rSfc©T*-2), 

[0 02 2 ] is*:«9 ©^Bjtj^ m^ns ©N a c 1 m 

I^B%1fig©K{b^?:N i C 0 OX«MsO©t»m 

[0 023] 1 0 (D^mi)m\:>fcmWi^mt. 

iim{*if Mlg-?^©SiJ5:^ffi^. S«Lhcc ( 1 0 0 ) Mi3 

i^©N a c 1 mm^m^(Dm\m^ f3ii>^fm^^^ 
t?>m 1 oxsi. HfrfB«ra®©±(ciE:3?sm©^ay 

hS©%SimmfM*?&R£-r4ll2 ©ISi^rfflf 

friBis 1 ©isccfcw ^««©^ia*i ^fuiassi^s 

{*»M©?f5fiP#©SS$-C©^l^J?g«£'3a?^t3:7 ox i 

0 - ' /x:«±-c * 0 . miB^ 2 ©xg(igtriBSi^m^ 

^^<0 0 1 >7?r^CC5S<Ef6J$#SXfi*WbTt>S 
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[0024] 1 1 ©^?g*i^t;/tft?9l*^|g«> 9i 
SI^<*?iK^-7-©lSiifi7?-a«:. »1fi±(c (1 0 0 ) Mia 

r6)©N a c I Mf&^am&<Dm^mj: ^c^f km^j^js 

•t^micmmt. t5iBct»ia®©±{ciE:?3S^©-^p:?' 
^:«7-f hS!©?iSm^fflfra*?i56Kr*^2©ia<!:?r<i 

10 )i^< 1 0 o>*^&J^c^<Er^a3^^SIe*WL/r^>^. 

[0025 ] rt«S 1 2©l6^»it*^l OJLit 1 1 (C 

^ t>©T'* 0 . 1 3 (D^mit^^m 1 0 x« 1 

1 iCisliim 1 ©Xa^«^ffilS<*©m«:JF.*4:^X 
i -r -2. M O - C V D ffiJC J: tfJt 2 ©Xfl?r ;^ N' 
5?!4tc J: 0 fr^c ^ ^feor* f) , ft*l 1 4 ©^HJ«iS* 

miO:Z{tl 1 JCfcl^-S^ 1 ©Xfi«:X^N- y rSratCj: ?l 
20 'SMO-CVD^fCJ:-3Ttf!&:^ t©r&0. i**iil 

5 ©^Bjttif 1 0 XI* 1 1 (cfcit 1 ©xsao' 

H 2 ©Xfi?rWtS^illf<*©^.m*M*4*^;^ i-r SMO 
-CVDffitcJ:f)tf^c^*>©T-S)S. C©lS-^> #{C> 

Sli<*%J[li^:*/;^ tC^l, » S ^--^ X vliMM O - C V D ft 
^ffll^^i, ««(C*tLTSiiL:fi'[«lCC< 1 0 0>W*5B2 
r^i] L/fcN a CI Si©iS^i**Wr-5*a^<bS*Si* 

Hzg^^Wr-fe h:^-- F=Srffll,^-5i#a+W©S<5±«:< 1 
30 0 0 >tt*iigSiBl^ L/tN i Olf K^r^fiXr*. =I-'^';^ 

yr-^i^ti-r-k^i-- h*fflc»-S<b&«-t*4©»^«: 

< 1 0 0 >lli*^iS^iB|o)LiftC 0 omm'kBWiV^. V 
S«±tC< 1 0 0>l**5i(3B|g,fiji^iti^go»M4?^(K 
[0026] 

[{■^ffl] if 1 ©flIsStc J: 0 . mmtbx. s««© 
e. 15 ia?Sii^<*f»K©?KfiX^©ias s -co^p^is 

K^mi^AW 0 X 1 0-'/°CJ£(±©fc©?:fflt>rii*© 

40 -c. ^©±{cJ^^!!t3n^>^lfm^*?fle(i<o 0 1 >7^l^^ 
fc?s<IBi^Lrt»^o 

[002 7] iSS?J12©l«si<;tcj:f3. sstur, 
«©^a*^ 6friB?Ssim»^©jefiX^©SSS -c©^ 
±^Jl^E'55t^lK*i5 0 X 1 0- VCWT©fe©*fflC>-Ct» 
^©-C. -?-©±{C}fJfiRSn-5^ilM<*ai)S{3:< 1 0 0 > 

[0 0 2 8 ] if^33?,li4©^fiStCJ:»3> »«<!:?^ 

m«K i ©ra fc. 3£i^<*?»ia©0fiRB$©jafi«:*j If 
?.ts^ss!w^3^^(*giM©i#^s^{c>prL-c 1 5% 

50 Ji^f*3©SX7-f h-C&^cf3Pa1B*S^aEl/-CCiS©-C> 




[002 9] ffsttn 5 commie J: 0 . 9fi^m(*i»M«. 

miifil 0 X 1 0- VCJ£i±©»SJb(C*5t>T«<0 0 

1 >:ms)tc?s<M^L. w-immmoma^boy- 1 o-' 
[0030] m>m 6 (ommcj: o . ^m^imma. 

^oMS^tjt*iiE:^a^-cA5fcs{). <oo 1 >:^i6j3?.{± 
< 1 0 o>:m6jcc?s<seinif -5= 

[003 1 ] ii*^7CD«^{cJ:?). *H)l*iNaCl 
tii,^^{m!^'S:< 0 0 1 >73[S]Xtt< 1 0 0 >:^lSj 

K?i < iBioi 3 -a- S C i *5-c ^ ^ . 

[003 2] il*:S8©1tfiS{CJ:0. ^HBONaC I 

mom^am^it. (10 0) ®(cB5i^L'ri»6fcfc. 

(0 0 1 ) S{e:4>ElS]L'-Ci,^SCtCCi^tO, 
±icB!S.$ii,^^mimm^<oo i >:^|6IX(3:< 1 
0 0 >:^[6j cc^ < Ei^ s i+ s c i J61-C * 4 . 

[0 0 3 3] m^,9(Dmmc^K), nacimik^m 

it©M{b!K)«N i O, C o OXtiMsOOlif <T.A>t?* 
Zfclb. ( 1 0 0) MiCiSlnJ-r-SNaC 1 M©*gBimjt 

[0034] m^m 1 0 cd^rScjc J: 9 . ^i^fmmm*i 

7 0X1 0-'«±-C&Sa«©±{C (100) Mi3[^0 
N a C 1 S$SS«^©K<ti^J; 0 i^jrS fills *?^R£L./c 
M> K'^rae©±fciE:;^S3S©'^D:/x*W hM©^sf 
m<*»l!i*fi^fi5c-r-5/c*. <0 0 l>:fr|^K:^< 131*1 b 

[003 5] 1 1 0»fiX{C J: 0 . 

5 0 X-' t(TT-*>S»«©±tC (10 0) Mief6j©N a 
C lMteait^©®!<t«J«i:'5':c-54iraa«:ff5)SL'/cf^. 

m^^Bmr?>tcib. < 1 0 0 >:^ro)«:®< laisiL^c^ 

[003 6] 1 2 ~ 1 5 OWfiXtC J: K) . W*:^ 1 

[0037] 

[003 8] (^^1 ) SffiiLr. ;*C#3*5 2 0in 
mX2 0mmr. mSi)H mmV$3i>. 

(¥^1I^5S^^: 5X1 O-VC) . (100) a* 
^?)OHiL./cS i«« (^i^S^JKJSS^ : 2 5X1 0"'/ 
•C) . (a-^>i/'7 0 5 9. ^l^lSlI^SBe^ 

46X 1 o-'/'C) . (V-iCSK, ¥ 

^l8J5g«^^: 9 0X1 0-'/°C) SilX;^ > U ^^^^ 

mm (^i^fmmm^ ■. i s o x i o-vo ^m^c 
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[00 39] 'Aic, c*ie.osa©»«±«c> m^ifi 

0. 2mmCOji ii)\^-7::^{f^m^>'CPb, La,.. Ti 
,..,4 O, feSifiBK (O^x^O. 25) (D^mim 

L/fc. ^-yyhit. PbO. La, O, SC/T i O, 
©t»*?:iE^bfct©*7 5 0"C©iiJrFf 4^P^j©^ 
b/tf^tct9{$iL. $?,K:Pb©;i^S?:f;5±-rSfc*{c2 
10 0 m o 1 %<DmW]<DPb OI&^5rig-&l/rf'P«L.fc. X 
5?©fi5E^friLri3:. «>EjaS*56 0 O'C-C* 
K). :^J-<y iitfMtAr (9 0%) tO, (10%) i 
(om'^i^:^-CS>f). */:^E»0. SPa-C*?). KJl?^ 
SAm:/3tt9 OW ( 1 3. 5 6MHz ) -Cft-sfc. S 

[ 0 0 4 0 ] 0 HC*Jl»-C, (A). (B) . (C) , 

(D) (E) «, -€-ti-enfrfBoc^:«7^;^»®. 

SiSS. ;?/7;^Sfi? (3-->y7 0 59) . 

TOiS**. ( 0 0 1 ) sld^ ( 1 0 0 ) (DSimfjittm^iz 

(001) J5l4©?Sa*s (100) ©Slif©?^J; 0 

icWr,x (10 0) ©JSSt^*i (001) ©Slhf?t)K 
J:!3 fcA#< ^cSCi. © (C) - (E) ©^©H^ 
30 mm. mc (O ©IS?4i (D) ©l*f4i©J:tl5*'6, 
¥*>l^l^5i<J^3!)^7 0 X 1 0-'&.±iCtj:^t (001) 
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ictji^t (0 0 1 ) :/3ra]{c?ii<iHiSi-rsct, So^'® 

(A) ~ (C) oiSi^©!!^**^*!., ^-i^mmmmi 
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mm 1 tmmfo^m^mj: o i ±tc. < i o o 

>fACcteSSaSl btcM s 0^©N a c I mmiti^J: '0 

tj:?>'pm@2mm$ti. m.<pmm2(D±ic:^^^-^iim 

«CJ:«3, Pb. La,., Ti,.,,, O, &-5iffl^(0^ 

X g 0 . 2 5) (D&mmi^Mm 3 mm^titcm^v$} 
50 [0044] «T. tiiie© cfc ^ cc^)?x3 n/t^^mit 
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[004 5] < 1 0 0 >|ft7^te^lHf^ l^tcM g OmB<0 

N a c 1 mmm^ o rj:^rpmm2(Dmmt. mmm i 

X v^a^aMO - C V D^S^S^ffll^r jyroT^ffi 
[0 04 6] S3JC5^-r-/^Xvj®j®MO-CVD^B 

[0 04 7] mnmt^l 0CCvy;^i^'?AT-t2^>'U 

hi^-h 11^1 9 0'CCc^mL/c:i--r;L'>'^':^ 1 2CCJ: 

^^■^iyO/^r-^^)\^r'th't-h I KDMM^. 3 0m 
1 /m i n CO^umO^ ^ 7 T:tf X (^^) 1 3 

[0 04 8] SJCK:^/^; i Ur^^;^/X 1 4 ^ 2 m 1 /m 

1 4 i?:ilifrKS^i'>>^^-6rttce^{ayX;u i 5* 

kt. ^<ommiiBt^f^M^mt^cti^j:^7. 9 

0Pa(DK^iCffi}#-r-5o CtDtfc^tC^jC^r. RFffliJ 
m^8^C4 0 0W<D-mm^Mt>^l 3. 5 6MHzri 

^ffi J:CC < 1 0 0 >:^ttJC$£Sffif^ L tcM s onmJ: 0 

7tCj:-^-Cl 2 0 r pm 
[0049];?CCC. itiH]i2 0±CCPbx La... Ti 

O3 j&sffl^ (o^x^o. 25) co^mi^m 

[0 0 5 0 ] H4tCfcC^r. (A). (B) , (C) . 
(D) S^f (E) m)iE©53^;^'^xS«. S i* 
:^^XS® (n-j:->^/7 0 59) . y-^^^5M;^/ 

SSSSim^Sraig-f {3:-<ci:/;^:^-r hSSSIfjgcD (0 0 
1 ) SC/ ( 1 0 0 ) 3ED^'^^C0^S;J:CDSi*(D^ 

fj^mm^titc^ a4iC7n-rj:^ic. seico^i^f^jK-ss 

^3!^;^^ < J^c-SJCf^or. (001) SI*CD9fia;^>5 
(100) SS*cD?ag<i:0 4>:;^^<^c«:). <0 0 l>« 
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< 1 0 o>mm\^mf)^n^tii>ct 
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TtSo cn60WflH2CD±CC. Pb, Lai-, Ti 
10 O3 ^cSffl^0^m?fM3*B^L/cJS^tC 

¥i^f»iII^5g<^CD;^#liS«l±cct3:<0 0 1>I4 

±^L\t< 1 0 0 >m^(ommt)mhti^. 

[0 05 2]!^, Pb, Lai.« Ti,.x/, 
^5£il®tt«M3Ci:K^r. PbTiO, . PZT. B 

aT i O3 rj:E0mmmwwm^^mm2<D±imf&L 
[0 05 3] (m^0i3) mmm3^ci^i>^mmimm 

20 l±tc. < 1 0 0>ttCc;gH%iBf^b/cMgOSMcONa 

c\mmimj:^rj::B^rm2f)^mf&^ti. ^^mm2 

<D±tC^*^Xv®iSaMO-CVD?iiCJ:f:) P bT i 

j:K^rj::h^mmimm3^mm^titcmf&'v^^. 

[0 054] J«T. fufE<D J; ^ ^cmfSL^tifc^mi^M 

[0 05 5] mmm2t^m^c. s«icd±^. <i o 
o>m^y5mcm^LtcMgomm(ON8iC imm^m 
j:^rj:i,^mm2mmbfc^k. m^mm2co±(fC. m 
4 {c^T :7'^xvai2Mo - c V Dftm^m^mi^^r: p 

[0 0 5 6 ] ll4tc^Rf :7'^XvJEiEr*aMO-CVD^M 
^S2 1 1^. M^^'^>^<-2 2rtCC5:i^&cW^ffiS 
$n/cr-;^{IiMS2 3 i R FflJ^2 4 tCDraCClSJg 
igtcj:-:>r>^^Xv;&^$if. ^::^^XvtcJ:0^«S 

K«»a^t'-^2 5fcj:o^i*4 0 

o"cjc}jns»sn^o 
40 [ 0 0 5 7 ] s 1 <Dm.n^ims2 e ccvy^s^-jAT 

•fe^;l/T-lrF-:h-h«:An. C^* 1 9 0 'CCCf^T 

AT-fe^'^Ur-fe h:^- KD^^*. 3 0 m 1 /m i n 
ijSEii^i^i'';T;trx (^) 2 7*ffltir. + > 
>'<-2 2F*gte:iffiLAn'5o L/r®^;^/X2 8 

^2m 1 /m i nrSSU. ^ctiCCfel^r+ 9 T;^;^ 2 
7 igg^^T;^ 2 8 <!: ^S-tf r*^^ -i- >^'<- 2 2 rtice^: 

2rtti. s^fmi^2 gtCcfcf? 7. gopacoa^^ 

50 mt^r^. CCDtfct§^Cfcli-C. RFffl(jm®2 4iC4 0 0 
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w(o-^mikmt}^ 13. 56MHZ-C10 ^mwisa-r?> 
psic^v xv^r^d -s. mm 1 ofkumommfic < 

1 0 0>:^r{4tcJSSErfilL.fcMgO»SJ:D*S«fB)l 

2 ^ff 5 2 0 0 n mCCj^fiK-r So 

[0 05 8] ycid. ttiraJ12©±K:PbT i O, 

m<*»ii3^jgfiX-rs. -r^cto^. «fi?»ns^t:-$2 5 

4 0 0 *C*> e 5 0 0 'CicUm htcm. fS2 (DJS*4Mfb 
gS3 0^c|S^^tV^•a-^';^y ii;^- h : Pb (C.Hx, 
O, ) iXti. cn* 1 3 C'CJC^f-S. ll30Jlif4 
»,^b^3 Uc. ^\-V'<v:fu\^)\'9i'^'-h : T i 
(i-C, Ht O) , *An. ilti^SO-Cic^^t- 

- f- i?^ h-^-f VT'O tVl'?^^'^- hitDflg^* 1 Cm 
l/mi nCDij£jS©++ ';T:</X27?:ffit,»-C*??9' + 

^;X2 85:4 Om 1/m i nV^L. j^cfJrKSS^/X 2 

8t+i'';T5!/;^27t *Sif r -f 2 2 

-22rtl*. *^f»lS2 9KJ:93. 90Pa©*3g 

cot*Lm*}t<^r. RFffl!imffi2 4(c4 
0 0 w<D-mmr&mt>^ 2 0 ^HEninir ^cttc^^x. 

RF«iJS#2 4 ir-Xffil®ffi2 3i©ISKc:'"7X-75: 

/to -ri^ct)-^, ^cf^3{c^s^^s^*«]e^^^»•-:^ 

hSSS^fiSO (0 0 1 ) SiDf ( 1 0 0 ) 

im>mmmn^iz» < s«o±tc«< 0 0 1 >#ieip)© 

«< 1 0 0 >ttiBi^©M!!nw6>nfco mmmz ttmv 
■c. ?^m<*«)!i3©fiHg3ief«3fg(ci^±L/c. 

[ 0 0 6 0 ] i^a. 1 ©±{C. •? 5f?£CC J: 0 ( 1 
0 0 ) ffijtUiei^ LfcN a C 1 M$SS«®©®<b1^J?f MJ: 
f3!^c-5*ra;i2*Ji5fiK6. ^4lra®2©±CC|5DXy^••? 

0 0 1 >:^|^X5*< 1 0 0 >:&(^(Cl2|qiL/c5g^m*S 

[0 0 6 1 3 

[^ii©?**] is*^ 1 (D^mic%^^mtmm^^ 

Wffi©J^fiSEJ©S.S*T©^l^Jfe]^5i^R»*i7 0 X 1 0 

-'/•ct(±©fc©«:ffli/».5©-c. ■e©±ccm$n*3it 
[0 06 2] m^2CDmm''cmi>^mmi^mmf^^<^ 
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jist. sffiiLT, ^s«©s?a*^6friB?^m(*is 

^©?^e£^©ms-r©¥l^.j^?i*^5^*i 5 0X10-' 
/•C«T©t>©*ffllri-5©-C. ■€-©±CCjgfiXSn5?fi^ 

m^mmt<i oo>7?i^cc?a<iBi6jL/rt»s. 

[0 06 3] COftlb. it^l 7.W2©^BJCc<tS 
i. iaffi)itMgO©#itSSJ:!3^cS»®%fflC^*CtiS 
<. Scffi^cStgfC J: 0 . M?0©*«*fflt>fc<»:tilBl 

m(D^lmmtmmm'i■^imti, c t *j-c^ tit-:, 

>'-CS^$^©mT-SI«&©iS=JX h^b^H-SCi^l-CtSi 
[0 06 43 i»*JI3X«4©l6B^{c^5?£l)I^^M 

ras*i/r-^tL-ct,»^.©-c, - lEi^tttc^nfc^ii 
[0 06 5 ] iS««5©lfe|iifcfi^?,^^(*W)S^^«: 

nui,fcii>. ^amm^Wfii o x i o-'/'CJi(±© 
SS±{c*$u-ni< 6 0 1 > :(7 16] «:?s< 121^1/, 
B^^^ifib 0 X 1 o-'/'C«T©S^(i:*jii-c«< 

1 0 o>:fr[Si«c^<ie[S]-r-5. 

[0 06 6] li^e ©^Bj9(c«^s^iim(*iiis^^tc 

cfc -2. i . ?SiSS<*»^©!SS1tjt*5iE:^S-C*S i^cto. 

30 ?asim»ia^< 0 0 1 >:fi^yja.< i o o >i3^icm 
[0 06 7] nm^i <ommc%^^'m,i;mm%'^<<c 

Jr-St. 4JfaJS*5NaC lS©Jfe^S«r*t/ri.»-5fc 

ii6> ?s^«i*»i«^< 0 0 1 >ij^y.\t< 1 0 0 >:^fiS] 
tc?^ < iSrS) 3 -t* -& c i *5-c ^ s . 
[0 068 ] iS*^8©l6?«{c0&s?a^f*«®«^-«: 

.ts i. *ra®oN a c I mDm^ummtfi ( i o o ) m 

«< 1 0 0>:^i6i(c5t<i2i^s^isc<bJ!)5rif*o 
40 [0 069] g«*Ji 9 (D^^m%h^!mmvm^^<<c 

cfc-Si. NaCl§!!igS^^©K'fbiB!AJN i O. CoO 

x«Mgo©i^-rn*'-cib-5fc«{)> ( 1 0 0 ) EKiaiS] 

•r-5) N a C 1 §!!©iteB^^*l»IIK:jefiS-r C i *5-C ^ 

[0 07 0] fs«a 1 0 ©j%ii{ci?&^,§£ii^««is^^- 
onm-nm^j^it. w-^^mB^Mifii o x i o-'w± 

■C* S««©±SC (10 0) ffiiB[6l©N a C 1 
50 S/c*. < 0 0 1 >?3[6l{c%< 121^ L./i:9i^m(*ftM* 
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[007 1 ] 1 1 (o^B^icm^^mim^^ 

©iS!^5?aecJ:*i. ^iSJailiJ5§S*S5 0x-'fe(Tr* 
Sa®<D±fC (10 0) MlBrSlCDN a C 1 MiSSIfJS© 

sb. < 1 0 0 >i^ic7^s.< W!^\yfd&mm.wmm^B^ 

[0 07 2] 12-15 0^aj(C^&€.5Sifm{*S 

«i*«c}^fiX-r -5 c i *ir # 

[s 5 ] if-wRommm x« 3 vz^^mmmmmm 
=f<r>^-nmm^^ i>m(o:fv x-^mmu o - c v d bs 
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